The acoustic excitations of the expanded metal solutions Li-NH3 have been measured by inelastic X-ray scattering as a function of the electron density by changing the Li concentration. The dielectric functions of these model metals with very low electron density have been derived from the high frequency sound velocity using the one component plasma approach corrected for screening. Their values, when combined with those from other metals, suggest that the electron correlation induced departure of the dielectric function from the random phase approximation follows a universal behavior whose main parameter is the electron density. The study of the dynamical properties of interacting electrons is an important topic in solid state physics as shown by the great interest devoted to the understanding of phenomena as superconductivity and giant magnetoresistance. One way to obtain information on the dielectric response of a system of interacting electrons is to study the acoustic excitations of liquid metals, since the speed of sound in these systems is related to the screening action of the electrons on the ionic motion [1] . In fact, in a simple Jellium model with the electrons screening the Coulomb forces between the ions, the speed of sound, c, can be expressed as:
Here Q is the wave number, ǫ(Q) is the total dielectric function and Ω pi is the ionic plasma frequency given by: Ω 2 pi = (4̉n i (Ze) 2 )/M , where M , Ze and n i are the mass, the charge and the number density of the ions, respectively. In this relation all the details of the electron dynamics are hidden in the dielectric function, ǫ(Q), that is purely electronic only if the ions contribution can be neglected -this is the case at high frequencies and Qtransfers, where the atomic response of the liquid is totally elastic and one measures the infinite-frequency value of the sound velocity, c. The strength of Eq. 1 is to provide a direct link between an electronic property as ǫ(Q) and a ionic one as c. Therefore, the measurements of c offers the opportunity to check experimentally the validity of theoretical approaches for ǫ(Q) as, for example, the Random Phase Approximation (RPA), where [1] :
Here, m is the electron mass, v F the Fermi velocity and Q RP A is a measure of the inverse distance over which the self-consistent electric potential associated with the ions penetrates into the electron gas. This approximation is exact in the limit of high electron density, or r s →0. The parameter r s = [3/(4̉n e )] 1/3 a −1 0 , with a 0 the Bohr radius and n e the electron number density, is the ratio between the Coulomb and the kinetic energies of the electrons. The r s →0 limit corresponds, therefore, to the weak coupling limit. As a matter of fact, the RPA works well in metals with a low value of r s and with no unfilled d or f shells, as shown in the case of Hg and Pb where r s is ≈ 3 [2] . In metals with higher values of r s the RPA clearly fails as recently reported for the case of the Li-NH 3 solution at the limit of solubility for which r s is ≈ 7 [3, 4, 5] and for heavy alkali metals [6] . It is believed that the failure of the RPA at large r s is mainly due to electronic correlation effects. In this context the Li-NH 3 solutions provide an interesting model system to investigate the departure of the ǫ(Q) from the RPA predictions as a function of the electron density -here the r s value can be widely varied by changing the Li concentration from the saturated solution value r s =7.4 to the metal-insulator transition value ≈ 12.
In this Letter we report the experimental determination of the high frequency velocity of sound in Li-NH 3 solutions and the derivation of the corresponding dielectric function using Eq 1. This provides a context to investigate the departure of the ǫ(Q) from the RPA predictions as a function of the electron density -here the r s value has been changed between 7.4 and 10.4. These results, when complemented by literature data on liquid metals with lower values of r s [2, 7, 8, 9, 10, 11, 12, 13, 14, 15] , provide i) the r sth =4.6 value as the threshold value below which the RPA properly works and ii) the characteristic dependence of the electronic dielectric function on the electron density at r s larger than r sth . These findings suggest the remarkable result that the electron density is the relevant parameter in the description of the dielectric function even when the electron response starts to be affected by complex corrections to the RPA.
The experiment was performed at the high resolution Inelastic X-rays Scattering (IXS) beamline ID16 at the European Synchrotron Radiation Facility in Grenoble (France). The measurements were carried out with a total energy resolution of ∼ 1.5 meV and an exchanged momentum, Q, resolution of 0.4 nm −1 . Further details of the beamline are reported elsewhere [16] . Every scan took about 210 min and the final spectra were obtained by averaging 3 to 4 scans. The Q values were selected between 1 and 15 nm −1 . The samples were prepared using high purity Li (nominally 99.9 %) and high purity anhydrous ammonia (nominally 99.995%). A stainless steel container, with two sapphire windows (total thickness 500 ̅) and with 5 cm 3 internal volume, was kept in a cryostat at T=240.0±0.2 K. The initial solution was prepared at the limit of solubility of lithium in ammonia (20±0.5 mpm). Successive dilutions were carried out in situ in order to measure three other metallic concentrations: 17.5±0.5 mpm, 9.3±0.2 mpm and 6.5±0.2 mpm.
IXS spectra are reported in Fig. 1 for the solution at 17.5 mpm at a representative set of Q values. They consist of a central quasielastic line and two clear inelastic components which, as shown in Fig. 1 , disperse up to Q=7 nm −1 . The dependence of the measured spectra on the Li concentration is shown in Fig. 2 at Q=2 nm −1 for the four studied solutions. The spectral line shape changes considerably on changing the Li content: the quasi-elastic line becomes more and more intense with respect to the inelastic features as the metal to insulator transition is approached (top to bottom spectra in Fig. 2 ). At larger Q values, particularly at the first sharp diffraction peak (Q M ∼ 10 nm −1 for the solution at 17.5 mpm, see Fig. 3b ), the spectra become narrow with a width comparable to the resolution function.
The measured IXS spectra have been fitted to the convolution of the resolution function with a model function composed of a Lorentzian curve for the central line and a Damped Harmonic Oscillator (DHO) function for the inelastic signal [17] :
The quasielastic and inelastic spectral features are defined in terms of a set of two and three parameters, respectively. Those concerning the inelastic components are related to the energy,hΩ(Q), lifetime, Γ(Q), and strength, I(Q), of the acoustic-like excitations. Both Fig. 1 and Fig. 2 show that the fitting function of Eq. 3 describes well the experimental spectra. The Q-dispersions of the fitting parameter Ω(Q) are shown in Fig. 3 (left axes) together with X-ray measurements of the static structure factor, S(Q) [18] (right axes), and an indication of the location of twice the Fermi wavenumber, 2K F (dotted vertical line). At low Q the acoustic excitations of the solutions show a linear dispersion (solid lines in Fig. 3) as it is expected for a sound-like mode.
In the panels (a) and (b) of Fig. 3 the results for the two more metallic solutions are reported. Here, Ω(Q) shows a maximum between 5 and 6 nm −1 and then decreases reaching a minimum at a Q value close to the first maximum, Q M , in the corresponding S(Q). This is a common finding in liquids which is usually referred to as the De Gennes narrowing [17] . A different interpretation of this minimum formulated in terms of the Q-dependence of the electronic dielectric function has instead been proposed for the 20 mpm solution [5, 19] . In fact, for Q-values of the order of K F , Eq. 2 must be replaced by the more accurate Lindhard result [1] which has a singular point at Q = 2 K F . This singularity would in turn induce a kink in the dispersion curve via Eq. 1. However, given the proximity of 2K F to Q M for both the 20 mpm and the 17.5 mpm solutions, it is hard to disentangle structural and electronic effects. The dispersion curves of the solutions at 9.3 mpm and 6.5 mpm reported in the panels (c) and (d) of Fig. 3 are, from this point of view, much more interesting since 2K F and Q M are here considerably different. As a matter of fact, these two dispersion curves both show a slight bending down in the proximity of the first diffraction peak (less evident for the solution at 6.5 mpm) and a small kink at Q∼8 nm −1 , very close to 2 K F . This kink suggests indeed the presence of a Kohnlike instability of the system at Q ∼ 2 K F . This result -if confirmed with a better statistics and higher Q-resolution -would then delineate the effects of the electron-phonon coupling in these expanded liquid metals, and support the interpretation proposed earlier [5, 19] . However, these data indicate that in any case the Kohn anomaly has only a small effect on the dispersion curve, and the minimum at Q M has mainly a structural origin.
Linear fits to the dispersion curves at low Q, reported in Fig. 3 , are used to determine the high frequency sound velocity of the measured solutions:
c Exp (20 mpm)=1580±20 m/s, c Exp (17.5 mpm)=1519±60 m/s, c Exp (9.3 mpm)=1430±60 m/s and c Exp (6.5 mpm)=1450±60 m/s [20] . These values are compared with the RPA expectations obtained combining Eqs. 1 and 2, i.e. c RP A = v F (Zm)/(3M ) [1] . In this expression, knowing that the Li ions form tetrahedral complexes with the ion surrounded by four ammonia molecules [21, 22] , M is identified as the mass of the Li(NH 3 ) 4 complex, as already proposed in refs. [5, 19] . In this picture, the solution at the limit of solubility (20 mpm) is completely made up of these complexes, while at lower Li content, the solutions can be viewed as a two component system where the Li(NH 3 ) 4 complexes are still stable entities embedded in the uniform background of the ammonia molecules [23] . The comparison between the c Exp and c RP A is presented in Fig. 4 as the ratio c 2 Exp / c 2 RP A as a function of r s . The corresponding ǫ RP A /ǫ Exp ratio is on the left axis. In Fig.4 we also report the results obtained for other liquid metals, as taken in the literature from ref. [13] for Al, ref. [2] for Hg, ref. [12] for Pb, ref. [11] for Li, ref. [10] for Na, ref. [14] for K, ref. [15] for Cs and ref. [8] for Rb. At low r s , as expected, a very good agreement exists between the experimental results and the RPA predictions, confirming nicely that Eq. 1 relates the infinite frequency sound velocity and the dielectric function. A clear departure from the RPA is observed in Fig. 4 at the threshold value r sth =4.6, above which c Exp becomes sensibly larger than c RP A . The very intriguing result of Fig. 4 is that all the existing data follow a continuous trend despite of the very large variety of considered systems: steric effects, chemical specificities, and spatial extent of the different atoms and complexes are somehow irrelevant for c 2 Exp / c 2
RP A
and ǫ RP A /ǫ Exp -the only important parameter is r s . In other words, regardless of a number of parameters not correctly treated by the RPA, as electronic correlations and finite ionic size effects, the electron dynamics has a general dependence on the electron density. The results reported in Fig. 4 are further emphasized considering the r s -dependence of the screening wave vector Q Exp =Ω pi /c Exp , shown in the insert of Fig. 4 . Here, Q Exp is compared with Q RP A and with the SSTL theoretical prediction [24] , which is an attempt to extend the range of the RPA by introducing a local field correction 2 3 4 5 6 7 8 9 10 11 0 5 10 Li-NH 3 readjusted to an external field. Once more, experiment and theories are in good agreement up to r sth , while a clear deviation is observable above r sth . We also note that the SSLT theory not only does not improve RPA in describing Q Exp , but seems to predict a departure from RPA opposite to the one experimentally measured. Finally, it is very interesting to note that for r s ≥ r sth , Q Exp is extremely well reproduced by an empirical r −3/2 s dependence.
In conclusion, we presented IXS measurements in expanded liquid metals with high r s allowing the determination of the high frequency sound velocity: these data, along with literature data for metals with lower r s , emphasize the breakdown of existing electron gas theories above a threshold value r sth . Most interestingly, the dielectric function, when the electron-electron correlations become increasingly important, shows a departure from RPA that follows a characteristic behavior which depends only on the electron density and not on the specific details of the considered systems. Future theories on the electronic dynamics must be compared with such a finding in order to test their ability to describe the deviations from the RPA.
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